Objective: To identify significant clinical factors associated with prostate cancer (PCa) upgrading the low-risk PCa patients graded according to the modified Gleason score system. Materials and Methods: The logistic regression model was used to evaluate the records of 438 patients. Results: There were 170 cases (38.8%) of low-risk PCa and tumors were upgraded in 111 patients (65.3%). Only prostate specific antigen (PSA) and the proportion of positive cores (P+) were independent predictors of tumor upgrading. Further exploration was investigated by categorizing and regressing PSA (≤ 5.0 vs. > 5.0 ng/ml) and P+ (≤ 0.20 vs. > 0.20). The odds ratio of PSA > 5 ng/ml was 1.32 and of P+ > 0.20 was 2.71. The population was stratified into very low-risk with PSA ≤ 5 ng/ml and P+ ≤ 0.20 (class A), low-risk with PSA > 5 ng/ml
Introduction
The number of patients diagnosed with prostate cancer (PCa) and classified in the low-risk category by the D'Amico criteria [1] is decreasing by 29% per year since and P+ ≤ 0.20 (class B), intermediate risk with PSA ≤ 5 ng/ ml and P+ > 0.20 (class C), and high risk with PSA > 5 ng/ml and P+ 0.20 (class D). Upgrading rates were extremely low in class A (9%), extremely high in D (50.5%), and moderate (20%) in B and C. Conclusion: Patients diagnosed with lowrisk PCa at biopsy are a heterogeneous population because they include subsets with undetected high-grade disease. Significant clinical predictors of upgrading include the PSA value and P+. In low-risk PCa, we identified a high-risk upgrading subgroup that needed repeat biopsies in order to reclassify the tumor grade and to reassess the clinical risk category.
Curr Urol 2016;10: [118] [119] [120] [121] [122] [123] [124] [125] Low-Risk Prostate Cancer and Tumor Upgrading 119 the recommendation against screening. However, in low-risk patients, PCa is diagnosed at an early stage and shows a natural history which is often slowly progressive or non-progressive and thus unlikely to cause morbidity or death [2] . Since radical prostatectomy (RP) and radiotherapy are the standard active treatments for organ confined PCa, harm from over-diagnosis and over-treatment are a significant concern in low-risk PCa patients harboring an indolent and non-progressive or slowly-progressive disease [3] .
Active surveillance is the management that is increasingly being used as a strategy to avoid or delay the potential harm caused by unnecessary radical treatment in PCa patients who are unlikely to progress [4] . The Gleason grading system, which is the most effective factor in predicting the natural history of PCa, has been modified in recent years and is able to identify more homogenous, truly low-grade cancers [5] [6] [7] [8] .
It has been shown that the risk of lymph node metastases is only 0.48% in pure Gleason score 6 cancers defined according to these criteria [9] . However, there is heterogeneity within this population because several RP historical series, which date before the modification of the Gleason grading system, showed an important risk of upgrading which ranged between 30% and 40% [10] [11] [12] . Moreover, cancer upgrading is a negative prognostic factor [13] . As a consequence, low-risk PCa patients who would have been pathologically upgraded are unfit for less invasive observational strategies such as active surveillance or watchful waiting [3] .
Patient-risk misclassification in the clinically localized low-risk PCa is a critical issue and the identification of clinical risk factors predicting tumor upgrading will help clinicians with the assessment of pathologically intermediate-risk or high-risk patients who need active treatment to cure the disease. The aim of the present study was to identify significant clinical factors, if any, associated with the tumor upgrading of surgical specimens in recent and contemporary series of low-risk PCa patients who were graded according to the modified Gleason score system.
Materials and Methods
We reviewed the records of 456 patients who underwent RP by robot-assisted or retropubic approach with or without extended lymph node dissection at our institution during the period between January 2013 and June 2014. We excluded 18 patients because of androgen deprivation therapy (n =15), pT0 (n =1), other histology (sarcoma, n = 1), and prior focal therapy (n =1). Collection and use of patient data, who signed informed consent, had Institutional Board Review approval. All data were prospectively collected and retrospectively analyzed.
The term low-risk PCa was defined as the risk status for patients who have a Gleason score ≤ 6, prostate specific antigen (PSA) < 10 ng/ml, and ≤ stage T2a according to the D'Amico risk classification of PCa [1] .
The main indications to perform prostate biopsies were abnormal age specific levels of PSA and/or an abnormal digital rectal exam. Prostate biopsies were not all performed at our institution. Prostate biopsies performed elsewhere were accepted after assessing the following minimum inclusion criteria: (i) at least 12-14 biopsy cores, (ii) the number of positive cores, (iii) grading of PCa according to the modified Gleason score system (biopsy Gleason score: bGS), and (iv) measurement of prostate volume (ml). In the present analysis, we considered the proportion of positive cores (P+), the modified bGS, and prostate volume. In our institution, the 14-core transperineal guided prostate biopsy technique is routinely used and additional cores are taken when a lesion on either transrectal ultrasound, digital rectal examination or magnetic resonance imaging (MRI) is evident. However, in the present study, we did not considered additional cores of suspected lesions and thus the analysis including the ratio of the positive cores to the total (proportion of positive cores) was not skewed. Although transrectal biopsies are the standard, in our institution because of historical reasons prostate biopsies are performed by the transperineal approach and are not template guided. Prostate volume was measured by standard methods and the PSA density was calculated. The biopsy cores acquired at our institution and the RP specimens were assessed by dedicated pathologists. In each biopsy core, the pathologists systematically assessed the following issues: (i) length, (ii) detection and grade of PCa according to the new Gleason score system (bGS), (iii) length of the biopsy core involved by PCa, (iv) prostatic intraepithelial neoplasia, (v) chronic inflammatory infiltrate, (vi) glandular atrophy, and (vii) atypical small acinar cell proliferation. In the present analysis, we considered P+, bGS, and the prostate volume. The proportion of positive cores (P+) was calculated as the ratio of the number of positive cores to the total number of cores acquired.
The removed prostates were assessed by dedicated pathologists as follows. The prostatectomy specimens were fixed overnight (10% neutral buffered formaldehyde), coated with India ink, and then weighed. Tissue sections of 4 µm were prepared in the standard fashion and stained with hematoxylin and eosin. All specimens were processed according to the Stanford protocol. Patients were classified according to primary tumor stage, lymph node, and metastatic status, using the American Joint Committee on Cancer TNM classification system. Seminal vesicle invasion was defined as tumor involvement of the muscolar wall (pT3b). Bladder neck invasion was staged as pT3a. Surgical margins (R) were stated as free (R0) or involved by cancer (R1). Tumors were graded according to the modified Gleason grading system and the pathology Gleason score (pGS) was computed after summing up the 2 patterns (pGP), prevalent and secondary, of the tumor [5] [6] [7] [8] . The tertiary Gleason patterns were not considered in the present analysis. The pathological extension of the tumor was measured as the percentage of cancer related to the volume of the prostate and coded as V+ (%).
In the present analysis, the following variables were considered: V+, pGS, pGP, pT, and pN. Age (years) and body mass index (BMI, kg/m 2 ) were calculated for each patient. PSA was measured
by immunochemiluminescent test performed by the ADVIA Centaur XP Immunoassay System (Siemens Company). The variables were grouped as clinical (age, BMI, PSA, prostate volume, bGS, P+) and pathological (pGS, pGP, pN).
Statistical Methods
The entire cohort, assessed by continuous and categorical variables, was classified into 2 groups that included cases that were pathologically upgraded because of a pGP > 3+3 and patients who were not upgraded because of a pGP = 3+3. Data on continuous variables are presented as mean ± SD and medians with their respective ranges. Differences between groups were analyzed with the Mann-Whittney U test. Data on categorical variables are presented as proportions, and differences between groups were analyzed with Pearson's chi-squared or Fishers' exact test as appropriate.
The logistic regression model was used in order to assess clinical covariates associated with pathological Gleason upgrading. In the model, variables were entered as continuous or categorical with dichotomy. Moreover, the continuous variables which were categorized into dichotomy included PSA, which was coded as PSA > 5 ng/ml versus PSA ≤ 5 ng/ml, P+, which was coded as P+ > 0.20 versus P+ ≤ 0.20. We chose a threshold of P+ = 0.20 because of limiting the analysis to a number of positive cores ≤ 3, (i) the product 0.20 × 12 cores = 2.4 positive cores and (ii) the product 0.20 × 14 cores = 2.8 cores. The pathological variables (V+, pT) were separately analyzed in the model. The goodnessof-fit of the clinical predictive model was assessed by using the Hosmer-Lemeshow test.
All tests are two-sided with p < 0.05 considered to indicate statistical significance.
Results
Patients who were staged as low-risk PCa included 170 out of 438 cases (38.8%), as shown in figure 1. In the surgical specimen, tumor upgrading was detected in 111 patients (65.3%) of which 72 (42.3%) had pGP = 3 + 4 (prognostic grade Group II), 27 (15.9%) pGP = 4 + 3 (prognostic grade Group III), and 12 (7.1%) pGP = 4 + 4 (prognostic grade Group IV). The difference of upgraded biopsies between our institution (39 cases, 68.5%) and other centers (72 cases, 63.7%) was not significant. The basic statistics of clinical and pathological variables are summarized in table 1.
On univariate analysis, PSA, prostate volume, and P+ achieved statistical significance (table 2) . Patients who had their biopsies upgraded had higher median levels of PSA and P+. and lower median levels of prostate volume. Table 3 shows the results of the logistic regression models of covariates associated with tumor upgrade. As shown, only PSA and P+ maintained significance on the multivariate analysis. Patients with higher PSA and P+ values were more likely to be upgraded, with corresponding odd ratios (OR) of 1.32 (95% confidence interval, (CI), 1.09-1.58) for PSA, and OR of 42.51 (95% CI 3.7-488.17) for P+. Further exploration of the effects were investigated by categorizing and regressing PSA (≤ The Hosmer-Lemeshow goodness-of-fit was not significant (p = 0.60) thus indicating that our model well fit these data.
According to the results of the multivariate logistic regression model, the population of patients with low-risk PCa were stratified, according to the upgrading risk, into 4 classes which were ranked as follows: (i) very low risk with PSA ≤ 5 ng/ml and P+ ≤ 0.20 (class A), (ii) low risk with PSA > 5 ng/ml and P+ ≤ 0.20 (class B), (iii) intermediate risk with PSA ≤ 5 ng/ml and P+ > 0.20 (class C), and (iv) high risk with PSA > 5 ng/ml and P+ > 0.20 (class D).
The results of the clinical classes (A to D) are depicted in figure 2 and summarized in table 4. Figure 2 shows the percentages of upgraded and not upgraded tumors of the D'Amico low-risk PCa population when classified into the 4 groups by P+ (≤ 0.20 vs. > 0.20) and PSA (≤ 5 vs. >5 ng/ml). The sum of the percentages of the upgraded tumors (green columns) is 100% and the sum of the blue columns (not upgraded tumors) is 100%. As shown ( fig.  2 and table 4) , the percentage of upgraded tumors was extremely low in class A (9%) and extremely high in class D (50.5%). Upgrading rates of class B and C were reported in past series referring to the previous Gleason score system [13] [14] [15] [16] . Recently, in a large contemporary series referring to the modified Gleason score system, it was shown that there is still a wide variation of tumor upgrading which ranges between 43 and 63.8% [17, 18] . In our study, low-risk PCa, which included 38.8% of the operated cases, tumor upgrade was detected in 65.3% of the surgical specimens. Moreover, the upgraded rates did not show any difference between biopsies performed in our institution (68.4%) and those performed elsewhere (63.7%) which included 66.5% of the cases.
In daily practice, when dealing with low-risk PCa, it is important for the urologist and the radiation oncologist to know clinical predictors associated with Gleason score upgrading on surgical pathology in order to identify a subset of patients who are likely to have more aggressive disease which needs more appropriate treatment. In contemporary series, it was shown that independent predictors of tumour upgrading in low-risk PCa include non -white race [17] , older age [17, 18] , higher PSA [17, 18] , higher proportion of positive cores, and tumor involvement greater than 50% in each core [18] . Our investigation demonstrated that higher PSA and higher proportion of positive cores (P+) were independent predictors of tumor upgrading in the surgical specimen in which the latter showed a stronger association (OR = 42.51; ≤ 5 ng/ml) and related to tumor extension of the prostatectomy specimen (V+, percentage of tumor mass related to the volume of the prostate gland). As illustrated, the 4 classes and relative clusters of upgraded and not upgraded cancers are clearly outlined.
Discussion
In low-risk organ confined prostate cancer, treatment options include active surveillance, RP, and radiotherapy. Active surveillance is the preferred disease management strategy in low-risk PCa with a low volume disease, while active treatments including RP and radiotherapy are indicated in a higher volume disease. However, low-risk prostate cancer is a heterogeneous population and prostate biopsies can underestimate the true grade of the cancer when compared to prostatectomy specimens as was By using the lowest cutoff as the reference category, the OR of PSA > 5 ng/ml was 2.18 (95% CI 1.11-4.30) and P+ > 0.20 was 2.71 (95% CI 1.39-5.28), thus indicating that much of the significant effect of PSA and P+ were mediated at increasing values beyond the cutoff levels. Thus we have demonstrated that patients with low-risk disease have a higher probability of harboring an occult pattern of higher-grade disease if their PSA value is elevated (especially > 5.0 ng/ml) and/or if the proportion of positive biopsy cores is higher than 0.20. A high PSA value as an indicator of high-grade disease has been demonstrated and is biologically intuitive, as one would expect more PSA secretion from more aggressive tumors [19, 20] . Higher proportions of positive biopsy cores are associated with higher Gleason scores because P+ is strongly correlated to tumor load (V+) with a high Pearson's correlation coefficient (r = 0.40; p < 0.0001).
In the prospective toward advanced management strategies for low-risk PCa, our study has effective relevance. We have identified preoperative clinical predictors that can facilitate risk stratification and a tool, in the form of a diagram, which can aid physicians in stratifying lowrisk PCa patients into increasing upgrading risk groups which rank from A to D (table 4, fig. 2 and 3 ). As shown in figure 2, the percentage of upgraded tumors were extremely low in class A (9%), extremely high in class D (50.5%), and moderate (around 20%) in both class B and C. However, as illustrated in figure 3 , the main feature differentiating between class B and C was the load of the tumor which was clearly more extensive in class C. Interestingly, our diagram identified class D as showing the highest risk of tumor upgrading (50.5% of cases). We suggest that low-risk PCa with PSA > 5 ng/ml and P+ > 0.20 represent a high-risk subgroup of tumor upgrading and needs, before making any decision of active treatments (RP or radiotherapy), tumor grade reclassification by performing re-biopsies. If tumor upgrading is confirmed, the patient is reclassified into the D'Amico's intermediate or high-risk classes which need more advanced staging procedures (multiparametric magnetic resonance imaging, mpMRI, CT, positron emission tomography) and modified treatment strategies including the possibility of not considering nerve sparing surgery, of planning extended lymph node dissection in high-risk cases, or in intermediate-risk cases when indicated by specific nomograms. Also, patients falling into class C need more advanced local staging investigation by mp-MRI which will suggest the possibility of considering repeated biopsies in order to reclassify the grade of the tumor. In recent years, mpMRI of the prostate was shown to be an effective tool for identifying areas of suspicion which correlate with cancer extension [21, 22] .
In low-risk PCa patients under AS criteria including PSA < 10 ng/ml, cT1c-2a, bGP = 3 + 3, and number of positive cores less than or equal to 3, immediate repeated biopsies have been recommended because of the high risk of upgrading which has been detected in 17.3% of cases [23] . Interestingly, in our study, low-risk PCa including classes A and B represents subgroups in which active surveillance is the appropriate treatment. However, class B is at a higher risk of tumor reclassification because of the increased risk of cancer upgrading (20.7%) than class A (9%). Although both classes A and B have a proportion of positive cores less then or equal to 0.20, the difference relates to the PSA load which is an indicator of high-grade disease with increased PSA secretion [19, 20] .
As a theory, in active surveillance patients, short-time repeated biopsies might be indicated in class B because of the high risk of tumor reclassification.
There are limits in our study. First, not all biopsies were performed at our institution which included only 33.5% of the cases. However, although 66.5% of the patients had biopsies performed elsewhere, all RP specimens were assessed by our dedicated pathologists who did not find any difference of upgrading rates in pathological specimens between biopsies performed in our unit or elsewhere. Second, the density of PSA was not evaluated because tumor volume was not significantly associated with upgrading, as patients with low-grade disease at biopsy tend to have larger prostates [24] . Third, we did not evaluate the role of re-biopsy on tumor upgrading. Fourth, although we have presented a diagram that may serve as a useful tool when evaluating low-risk PCa patients, it is not a validated nomogram. However, our diagram represents the first step leading to validated nomograms which will be required in the future and be computed according to the modified classification of the Gleason score system which will cluster the patient population into more accurate prognostic risk groups [5] [6] [7] [8] . Despite these limitations, we feel that our study shows important results because we have provided clinicians with clinical factors (PSA and P+) associated with upgrading of low-risk disease. Moreover, our diagram is a useful tool which can help in making clinical decisions. By facilitating identification of individuals who are at high risk of upgrading from low-risk disease status, clinicians decrease the risk of inappropriate treatment of patients with undetected high-grade cancer.
Conclusion
Patients diagnosed with low-risk PCa at biopsy are a heterogeneous population because they include subsets with undetected higher-grade disease. Despite D'Amico's low-risk criteria, a relevant proportion of patients was upgraded at final pathology and a nonnegligible proportion of patients harbored intermediate-risk and high-risk characteristics at final pathology. In this patient population, significant clinical predictors of upgrading included the PSA value and proportion of positive cores. These variables were categorized, related to the load of the tumor of the specimen, and then classified into a diagram that clusters the population into risk subgroups. The diagram can be used adjunctively when making clinical decisions and when considering reclassification of disease by repeated biopsies. In low-risk PCa, the diagram identifies an upgrading high-risk group in which we recommend repeated biopsies in order to reclassify the grade of the tumor and to reassess the clinical risk category.
